Digestive endoscopy has evolved from primary diagnosis to extensive therapeutic approaches for the management of gastrointestinal diseases. Increased health awareness has encouraged more people to undergo endoscopic examinations. For these reasons, the absolute number of iatrogenic perforations is likely to increase. Because of the very low incidence of perforations, clinicians are not always prepared or experienced in cases of unexpectedly encountered perforations during diagnostic or therapeutic endoscopic procedures. In this study, the proper approach to handling perforations is discussed including selection of endoscopic devices, endoscopic closure procedures, and management of patients after a perforation occurs in the gastrointestinal tract.
Introduction
Upper gastrointestinal (GI) tract perforations occur due to various spontaneous (peptic ulcer, Boerhaave's syndrome) and iatrogenic causes (diagnostic endoscopy, foreign bodies, balloon dilatation, endoscopic mucosal resection [EMR] , endoscopic submucosal dissection [ESD] , and endoscopic retrograde cholangiopancreatography).
Perforation of a peptic ulcer is now less frequent because of the availability of adequate medical therapies for peptic ulcer disease. Most cases of iatrogenic perforation occur during therapeutic endoscopic procedures, particularly during EMR and ESD for treating superficial cancers. Although the incidence of iatrogenic perforation is very low, iatrogenic perforation is associated with significant morbidity, mortality, and potential fatality.
Therefore, iatrogenic perforations that occur during endoscopic procedures are generally managed surgically. 1, 2 However, the standard treatment strategy has changed with the development of endoscopic devices and the results from animal and clinical studies. With the introduction of metallic endoclips, cases of successful endoscopic treatment using endoclips in the GI tract have been described since 1993. 3 We must determine the proper endoscopic devices and techniques, as well as use evidence-based approaches to manage perforations successfully.
Causes and Incidence of Gastrointestinal Tract Perforations
The risk of perforation increases significantly from 0.6% for purely diagnostic endoscopy to 6% for surgical procedures. 4 According to a recent meta-analysis, the perforation rate after esophageal ESD is approximately 1%. 5 The perforation risk for gastric EMR is approximately 0.5%, compared with 4% for gastric ESD. Perforations have also been described in the context of diagnostic endoscopy. [6] [7] [8] An ingested foreign body can also cause a GI tract perforation. In 1% of cases, an ingested sharp foreign body causes complications such as acute abdomen due to an intestinal perforation, 9, 10 occasionally leading to serious complications and even death. The duration of an ingested foreign body in the GI tract and the risk of perforation or obstruction are associated with the anatomy and structure of the GI tract.
Risk Factors for Upper Gastrointestinal Tract Perforations
The physiological areas associated with a risk of perforation after ingesting a foreign body are the postcricoid region, aortic arch, left main bronchus, esophagus, junction of the second and third portions, and the terminal portion of the duodenum, because these areas are most likely to delay transit of the foreign body. 11 The location of a tumor in the upper portion of the stomach is a risk factor for perforation during ESD. 12, 13 A long operative time is another risk factor for perforation during ESD. This may be due to either tumor-related or endoscopist-related factors. Tumor-related factors are dependent on the indication criteria for ESD, which need to be further developed by trials of ESD for large resected tumors. Endoscopist-related factors may improve with experience. 14, 15 Symptoms and Diagnosis after Perforation Iatrogenic perforations at an early stage are associated with unusual abdominal pain with distension, chest pain, subcutaneous emphysema, or shortness of breath, while those at a later stage are associated with more severe symptoms or signs, such as a systemic inflammatory response, hypotension, and mental confusion. 16 However, some patients may be asymptomatic following GI tract perforation. If a perforation is suspected, it should be confirmed by diagnostic tests as well as by symptoms.
Plain radiography has been the first modality of choice for patients with suspected GI tract perforations. Extraluminal air may be free in the peritoneal cavity, retroperitoneal space, mesentery, or ligaments of organs. The reported sensitivity for detecting extraluminal air on plain radiography is 50% to 70%. A water-soluble iodinated contrast examination may be indicated if a gut perforation is not seen on plain radiography. 17, 18 Some studies have demonstrated that ultrasonography has greater accuracy compared with x-rays (sensitivity 93% vs 79%), and that ultrasonography is a useful diagnostic modality when x-rays do not reveal a pneumoperitoneum in patients with a suspected perforation. 19, 20 Computed tomography (CT) has higher accuracy in revealing small quantities of free air, fluid, or empyema in the mediastinum and/or pleural or peritoneal cavity, and it provides better definition of adjacent structures. 21 The major advantage of CT is that it can correctly depict the actual site of perforation, compared with radiography and ultrasonography.
Basic Principles of Perforation Management
Approach depending on expertise Air insufflation should be turned off first when an iatrogenic perforation occur during an endoscopic procedure performed by a novice endoscopist, and an expert should take charge as soon as possible. Intestinal fluid should be suctioned out, or the position of the organ should be altered to prevent a leak. If an uncontrollable GI perforation occurs in a primary clinic, the patient should be referred to a tertiary hospital as soon as possible. The expert endoscopist should decide whether to perform observation only or endoscopic closure and surgical treatment.
Decision of surgical vs endoscopic management
Endoscopic closure should be considered depending on the type and size of the perforation, endoscopist's expertise, and available devices at the center. In addition, luminal contents can be diverted, and a tension pneumoperitoneum or tension pneumothorax should be decompressed. A clean GI lumen and adequate expertise of the endoscopist are prerequisites for successful endoscopic closure of iatrogenic perforations. 16 The clinical stability of the patient, including peritonitis symptoms and underlying diseases, should be considered before deciding the treatment modality.
The expert endoscopist should switch to carbon dioxide endoscopic insufflation to attempt endoscopic closure and should not insist on using only a single method. The expert should consider different devices according to the size and location of the iatrogenic perforation.
Basic principles of perforation management
Hospitalization is nearly always required for iatrogenic perforation, and the patient should be made NPO (nothing by mouth). Nasogastric tubes should be used to divert GI fluid, as appropriate. Broad-spectrum intravenous antibiotics are administered intravenously. Close clinical multidisciplinary monitoring (by endoscopists, surgeons, and intensive care physicians) is required.
Endoscopic Management of Perforation
A variety of devices can be used to perform successful endoscopic closure of a GI perforation.
Through-The-Scope Clip
Through-The-Scope Clips (TTSCs) have been used extensively over the last decade for endoscopic closure of GI perforations. Medical Inc., Bloomington, IN, USA). TTSCs can be deployed anywhere in the GI tract; hence, they are ideal for immediate closure of perforations without leaving the site of the perforation, thereby avoiding leakage of gastric or colonic contents. TTSCs have been used for acute iatrogenic perforations after EMR or ESD procedures. The overall success rate of TTSCs in these studies was > 99%. 16 Endoscopic clipping should be attempted for linear perforations < 10 mm (opening width of a TTSC). However, a limitation of TTSCs is their restricted ability to close large defects because of their limited wingspan. Moreover, TTSCs cannot approximate perforated edges when there is scarring or inflammation in cases of late treatment or previous unsuccessful attempts. 22 Important tips for applying TTSCs for large perforations are as follows. (1) Switch CO 2 insufflation on and insufflate minimally with gas. (2) Fixate the clip arms on the tissue surrounding the perforation. (3) Slowly apply the endoclips using a proper approximation to prevent slippage on the grasped tissue. (4) Approach from the proximal to the distal part of the perforation, especially for large-sized perforations. (5) Remove an incorrectly applied 
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clip, if necessary. (6) Apply hemoclips until the perforation is definitely sealed. Transparent caps can help decrease the amount of insufflated gas that enters the abdominal cavity and sometimes help approach a difficult position, anchor the endoscope, or apply a clip (Fig. 1) .
Band ligation technique
Clip placement may be difficult because of the location of the perforation. In such cases, the recently described band ligation technique can be a useful alternative. 23 However, because of the limited size of the endoscopic cap, only small perforations can be sealed. Important tips for applying the band ligation technique are to maintain adequate distance between the perforation site and the endoscopic banding cap so that the surrounding tissues, including the perforation site, are sufficiently sucked into the banding cap. The surrounding perforation tissues are suctioned sufficiently into the banding cap by continuous suction until a 'pink or red out sign' is observed before deploying the band (Fig. 2) .
Over-The-Scope Clip
The Over-The-Scope Clip (OTSC) system (Twin Grasper; Ovesco Endoscopy AG, Tübingen, Germany) is easy to apply, and it was designed to create a full-thickness closure by using teeth arranged in the shape of a bear trap. The OTSC system is the most evaluated technique for 10-to 30-mm-sized perforations, and its efficacy in managing postoperative leaks or fistulas has been demonstrated in clinical studies. Four relevant studies have highlighted the efficacy of OTSCs with a total success rate of greater than 95% (22 patients). [24] [25] [26] [27] The closure process for an OTSC is as follows. 28 (1) The center of one of the lateral edges of the perforation is grasped using one arm of the OTSC Twin Grasper. (2) All layers of the GI wall, including the serosa and center of the opposing edge of the perforation, are grasped using the second arm of the OTSC Twin Grasper to bring the two sides of the perforation into complete contact. (3) The reapposed tissue is pulled into the OTSC cap at the tip of the endoscope. (4) Sufficient suction is maintained to aspirate the tissue surrounding the perforation into the cap. (5) The OTSC is released by turning a wheel on the shaft of the endoscope, similar to the endoscopic band ligation method (Fig. 3) .
TTSCs using the endoloop technique
Perforations > 20 mm are challenging to manage endoscopically, requiring experience of the endoscopist and the option of surgery in case of failure. If the OTSC technique is unavailable, a combined technique using TTSCs plus an endoloop is recommended. The TTSC closure process using the endoloop technique is as follows. (1) Use a double-channel endoscope to place an endoloop through one channel around the perforated tissue. (2) Hemoclip the endoloop and surrounding perforated tissues several times through the other channel. (3) Tighten the endoloop for closure or to reduce the defect (Fig. 4) .
Self-expendable metal stents
The indications for placing a self-expendable metal stents (SEMS) for benign upper GI leaks or perforations include (1) a fistula after bariatric surgery, (2) other postoperative fistulae, (3) Boerhaave's syndrome, (4) iatrogenic perforations, and (5) other perforations. 30, 31 Stents may be a better option for perforations or fistulas > 2 cm and for defects with everted edges in the esophagus. 27 A perforation in the GI tract with a stricture is a good indication for the endoscopic closure method.
There may be differences in endoscopic closure methods depending on the size of the perforation and its location in the GI tract. However, regardless of the location in the GI tact, the TTSC or band ligation method can be used to close a perforation ≤ 1 cm in size, the OTSC or TTSC method for perforations 1 to 2 cm, and the endoloop with clips or OTSC method for perforations 2 to 3 cm. Surgery should be considered for perforations > 3 cm. In addition, careful observation to ensure that the perforation site is completely sealed after closure is important (Fig. 5) .
Conclusions
Successful endoscopic closure of acute iatrogenic perforations in the GI tract can reduce medical costs and hospital stays and prevent the need for surgical intervention for the patient. We must determine the proper endoscopic devices, techniques, and approach strategies to manage a perforation successfully.
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